Modelling several morphometric relationships of swordfish (Xiphias gladius), black marlin (Makaira indica) and blue marlin (Makaira nigricans) caught from Indonesian longliners in the eastern Indian Ocean by Setyadji, Bram et al.
  
Journal of Fisheries 
Volume 4 Issue 2 Pages: 371-376 August 2016 
Peer Reviewed | Open Access | Online First 
eISSN 2311-3111 
pISSN 2311-729X 
 Original Article 
DOI: dx.doi.org/10.17017/jfish.v4i2.2016.147  
 
BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 3.0 License 371 
 
 
Modelling several morphometric relationships of swordfish (Xiphias gladius), 
black marlin (Makaira indica) and blue marlin (Makaira nigricans) caught from 
Indonesian longliners in the eastern Indian Ocean 
Bram Setyadji  Irwan Jatmiko  Arief Wujdi 
Research Institute for Tuna Fisheries, Jl. Mertasari No. 140, Sidakarya, Denpasar, Bali - 80224, Indonesia 
Correspondence  
Bram Setyadji; Research Institute for Tuna Fisheries, Bali, Indonesia 
Email: bram.setyadji@gmail.com 
Manuscript history 
Received: 09 Feb 2016; Received in revised form: 17 Aug 2016; Accepted: 28 Aug 2016; Published online: 31 Aug 2016 
Citation  
Setyadji B, Jatmiko I and Wujdi A (2016) Modelling several morphometric relationships of swordfish (Xiphias gladius), black marlin 
(Makaira indica) and blue marlin (Makaira nigricans) caught from Indonesian longliners in the eastern Indian Ocean. Journal of 
Fisheries 4(2): 371-376. DOI: 10.17017/jfish.v4i2.2016.147 
Abstract 
This paper presents several equations for converting among measures of size (length and weight) for swordfish 
(Xiphias gladius), black marlin (Makaira indica) and blue marlin (Makaira nigricans) caught by Indonesian 
longliners in the Indian Ocean. The equations use for transforming non-standard measurement i.e. eye fork 
length (EFL) and pectoral fork length (PFL) to standard measurement, lower jaw fork length (LJFL). The paper 
also discussed about the length-weight relationship, including converting from non-standard length (EFL and 
PFL) to round weight. The result showed that both PFL and EFL were positively related to LJFL but there were 
no significant differences existed between females and males among length measures for swordfish, blue 
marlin, and black marlin (ANCOVA, P>0.05). All regression equation models were considered to be valid 
(P<0.01) with coefficient of determinations (r
2
) ranged from 0.81-0.99. Allometric growth pattern was 
statistically observed for all swordfish (b=2.94, r
2
=0.94), black marlin (b=3.12; r
2
=0.90) and blue marlin (b=3.30; 
r
2
=0.91). 
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INTRODUCTION 
Billfishes (Xiphiidae and Istiophoridae) are the second 
largest catch in the world after tunas (Cramer et al. 1998), 
including Indonesia (Mahiswara and Prisantoso 2009). 
About 90% of the world's landings of billfishes are taken 
as bycatch of the tuna longline fishery (Prager et al. 1995; 
Amande et al. 2008, 2010; Chapman 2001; Cramer and 
Adams 1999; Campbell and Tuck 1998), since there is no 
specific fishery targeting this group of species especially in 
Indonesia. The estimated catch of tuna and tuna-like 
species of the tuna fisheries in the Indian Ocean more 
than doubled from 405,929 tons in 1983 to 1,106,518t in 
1995 (IOTC 1995). During this same period the estimated 
catch of billfish nearly tripled, from 14,568 tons to 52,221 
tons (IOTC 1997). Contribution of billfishes to tuna fishery 
in Indonesian considered significant, which up to 95,652 
metric tons from 2004 to 2010 (DGCF 2011). 
Billfishes caught by are usually processed at sea, with 
heads, fins, and viscera removed and carcasses frozen (at 
-200 to -300 
o
C) for offloading months later (Su et al. 
2005; Murniyati and Sunarman 2000). Billfish carcasses 
may have been dressed in one of 10 or more ways (Prince 
and Miyake 1989) before length measurements are 
taken. This leads to discrepancy on whole and dressed 
length. Because the fish are rarely weighed by fishermen 
onboard, there is also a need for conversion equations 
between length and weight (Prager et al. 1995). 
Modelling several morphometric aspects of billfishes 
J Fish 4(2): 371-376, Aug 2016; Setyadji et al. 
 
BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 3.0 License  372 
 
The present paper has two objectives. The first is to 
present models for predicting from non-standard 
measurements into standard lengths (pectoral fork 
length; PFL and eye orbit fork length; EFL to lower jaw 
fork length; LJFL). Models for predicting PFL to EFL also 
presented. The second objective is to present length-
weight relationship based on daily monitoring data of 
billfishes landed in Port of Benoa, Bali. 
METHODOLOGY 
The data analyzed comprise of 1,429 of swordfish, 390 of 
black marlin and 324 of blue marlin from 2002-2013. Size 
data including LJFL, EFL and PFL were obtained from 
onboard observation following commercial tuna vessel 
under scientific observer program from March 2011 to 
December 2014, courtesy of Research Institute for Tuna 
Fisheries (Figure 1).  
 
Figure 1: Known fishing grounds of the swordfish (Ο), black 
marlin (Δ) and blue marlin (x) caught by Indonesian 
longliners in the Indian Ocean based on observer data during 
2005-2013 (Source: Research Institute for Tuna Fisheries 
Observer Data) 
Conversion among length measurement were analyzed 
using ordinary least square (OLS) equation to obtain fit 
simple linear regression model (Morato et al. 2001), 
where: y = a+bx (a and b are parameters). The models 
were divided into sex category i.e. male and female. The 
significance of the regression was assessed by analysis of 
variance (ANOVA) testing the hypothesis H0: β=0 dan H1: 
β≠0 (Zar 1996). To test for possible signiﬁcant diﬀerences 
between sexes (P<0.05) we used Student's t-test for 
comparison of two slopes (Zar 1996). As for length-weight 
relationship, Pectoral Fork Length (PFL) was measured to 
the nearest centimeter acquired from daily tuna 
monitoring program from 2002-2014 courtesy of 
Research Institute of Tuna Fisheries. Individual dressed 
weight (DW) was recorded to the nearest kilogram. 
Weight and length were fitted by non-linear regression 
(power function) using DW as the dependent variable, 
where DW= αPFL
b 
(α and b are parameters). To test b=3 
or b≠3 we used Student's t-test, testing the hypothesis H0: 
β=3 (isometric) dan H1: β≠3 (alometric). The t-statistic was 
calculated as t=(b-3)/Sb, where Sb=standard error of ‘b’; 
Sb=√(1/(n-2))*[(Sy/Sx)2-b2]. Sy and Sx are the standard 
deviations of y and x respectively. The significance of t-
value was calculated at 1% and 5% level of significance 
with (n-2) degrees of freedom (Sawant et al. 2013). 
Statistical analysis was conducted using Microsoft Office

 
Excel

 2011 and map was drawn using QGIS 2.12. 
RESULTS AND DISCUSSION 
All of the LJFL, EFL and PFL data consist of 19 male and 20 
female of swordfish, 15 male and 5 female of black 
marlin; and 11 male and 10 female of blue marlin have 
been measured. It involved 8 trip of scientific observation 
from March 2011 to December 2014. The minimum, 
maximum, and average sizes by sex are shown in Table 1. 
It appears that average size of swordfish was smaller than 
both black and blue marlins. There were no significant 
differences existed between females and males among 
length measures for swordfish, blue marlin, and black 
marlin (ANOVA, P> 0.05). LJFL, EFL and PFL data of each 
sex were combined and the pooled relationships between 
LJFL, EFL and PFL for each species of billfish as shown in 
Table 2. 
Length-weight (length; PFL and dressed weight, HDD) 
relationship of swordfish, black marlin and blue marlin 
are shown in Figure. 2. Knowing the length to length and 
length to weight equations mean we can transform non-
standard length measurement into weight (total 
weight/dressed weight) and reversely. 
Despite the number of the samples available, the most 
models were proven to be valid (r
2
=0.806–0.997; P<0.01). 
The regression models for swordfish (PFL-LJFL; EFL-LJFL) 
were quite fit compared to study from Sun et al. (2002) in 
Taiwan waters and IOTC (2013) in western Indian Ocean 
(Figure 3). The models for blue marlin (PFL-LJFL; EFL-LJFL) 
given in this study were slightly overestimate on the 
smaller size specimen compared to Prager et al. (1995) in 
North Atlantic and Su et al. (2005) in Taiwanese waters 
(Figure 4). This perhaps due to lack of smaller specimen 
available for analysis. The model for black marlin (EFL-
LJFL) is quite similar with the study from Su et al. (2005) in 
Taiwanese waters (Figure 5). 
Billfishes are characterized with long and slender body, 
thus make the different between curved tape 
measurement used in this study just as reliable as straight 
measurement (see Praeger et al. 1995; Lee and Scott 
1992). Since there were no significant differences 
between sexes, the pooled sex models could be applied in 
general, including immature specimen. Hopefully this 
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study will help scientist in term of obtaining the data on 
the field. Especially at the condition when the sex was 
unknown or could not be identified. The flexibility of the 
models available in this study enable many of countries to 
convert their billfish data into standard measurement, 
especially on small-scale fishery when billfishes landed 
were usually dressed in various forms. 
Table 1: The range (minimum and maximum) and average size of swordfish, black marlin and blue marlin caught by Indonesian 
longliners in Indian Ocean 
 Type   Sex n 
Swordfish Black marlin Blue marlin 
LJFL EFL PFL LJFL EFL PFL LJFL EFL PFL 
Minimum Male 19 58.0 48.0 40.0 139.0 119.0 105.0 183.0 157.0 136.0 
Female 20 76.0 67.0 56.0 170.0 147.0 122.0 170.0 146.0 126.0 
Pooled 160 50.0 40.0 30.0 126.0 106.0 91.0 154.0 135.0 112.0 
Maximum Male 15 254.0 230.0 190.0 244.0 220.0 185.0 232.0 207.0 182.0 
Female 5 252.0 232.0 197.0 266.0 223.0 200.0 264.0 238.0 200.0 
Pooled 37 254.0 232.0 197.0 266.0 223.0 200.0 264.0 238.0 200.0 
Average Male 11 156.6 137.4 116.5 195.7 171.9 147.5 201.8 175.8 152.3 
Female 10 158.8 143.1 115.2 206.6 179.2 154.8 203.7 175.6 151.4 
Pooled 53 129.3 113.5 94.2 193.5 169.2 145.8 195.9 170.2 147.3 
 
Table 2: Regression equations for predicting from non-standard measurements into standard lengths (pectoral fork length and 
eye orbit fork length to lower jaw fork length) for swordfish, black marlin and blue marlin caught by Indonesian longliners in 
Indian Ocean 
Regression Equations Sex(es) 
Sample  
Size (n) 
Approx. length range 
Intercept Slope 
R² P 
a b 
Swordfish (SWO)              
LJFL = a*EFL + b M 19 58 – 254 1.082 7.908 0.997 0.000** 
 F 20 76 – 252 1.059 7.206 0.996 0.000** 
 M+F+U 160 50 – 254 1.060 9.027 0.988 0.000** 
LJFL = a*PFL + b M 19 59 – 254 1.243 11.863 0.991 0.000** 
 F 20 77 – 252 1.289 10.21 0.988 0.000** 
 M+F+U 160 51 – 254 1.241 12.44 0.977 0.000** 
EFL = a*PFL + b M 19 60 – 254 1.147 3.802 0.991 0.000** 
 F 20 78 – 252 1.216 3.007 0.989 0.000** 
 M+F+U 160 52 – 254 1.168 3.532 0.983 0.000** 
Black Marlin (BLM)              
LJFL = a*EFL + b M 15 139 – 244 1.059 13.686 0.988 0.000** 
 F 5 170 – 266 1.183 -5.473 0.978 0.000** 
 M+F+U 37 126 – 266 1.060 14.185 0.965 0.000** 
LJFL = a*PFL + b M 15 139 – 244 1.271 8.215 0.979 0.000** 
 F 5 170 – 266 1.267 10.828 0.992 0.000** 
 M+F+U 37 126 – 266 1.249 11.299 0.967 0.000** 
EFL = a*PFL + b M 15 139 – 244 1.195 4.367 0.982 0.000** 
 F 5 170 – 266 1.054 16.073 0.986 0.000** 
 M+F+U 37 126 – 266 1.195 -4.367 0.982 0.000** 
Blue Marlin (BUM)              
LJFL = a*EFL + b M 11 183 – 232 0.974 30.646 0.936 0.000** 
 F 10 170 – 264 1.017 25.11 0.990 0.000** 
 M+F+U 53 154 – 264 0.983 28.63 0.889 0.000** 
LJFL = a*PFL + b M 11 183 – 232 0.992 50.815 0.850 0.000** 
 F 10 170 – 264 1.300 6.891 0.969 0.000** 
 M+F+U 53 154 – 264 1.115 31.674 0.806 0.000** 
EFL = a*PFL + b M 11 183 – 232 1.028 19.265 0.926 0.000** 
 F 10 170 – 264 1.281 -18.376 0.984 0.000** 
 M+F+U 53 154 – 264 1.163 -1.019 0.952 0.000** 
  
  
Modelling several morphometric aspects of billfishes 
J Fish 4(2): 371-376, Aug 2016; Setyadji et al. 
 
BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 3.0 License  374 
 
 
Figure 2: Length (PFL)-weight (HDD) relationship for the 
swordfish, black marlin and blue marlin caught by Indonesian 
longliners in the Indian Ocean from 2002-2013 
Length-weight non-linear model of swordfish indicated 
the allometric (negative) growth pattern compared to 
(Akyol dan Ceyhan 2013) in eastern Mediterranean Sea, 
Taiwan waters (Sun et al. 2002), southeastern Pacific off 
Chile (Cerna 2006) and (Varghese et al. 2013) in Indian 
waters which all showed of positive allometric growth 
pattern. Black marlin and blue marlin also showed 
positive allometric growth compared with previous study 
by Setyadji et al. (2012). It was hard to compare the 
models to other study since most of the study using 
whole weight as dependent variable. However length-
weight relationship still become a major component in 
fisheries and can be utilize on various applications such 
as: 1) biomass estimation from length data; 2) estimate 
the fish condition factor; 3) comparing the life cycle and 
morphological differences of the same species on various 
location (Pauly 1993; Petrakis and Stergiou 1995) 
 
Figure 3: Length-length regression equation models (EFL-
LJFL, PFL-LJFL) of swordfish caught by Indonesian longliners 
compared with other study 
 
 
Figure 4: Length-length regression equation models (EFL-
LJFL, PFL-LJFL) of blue marlin caught by Indonesian longliners 
compared with other study 
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Figure 5: Length-length regression equation models (EFL-
LJFL) of blue marlin caught by Indonesian longliners 
compared with other study 
In further investigation, collecting more non-standard 
length and/or weight data with broader billfish species 
are necessary to understand the morphometric 
relationship as well as standardize all non-standard 
measurement from all billfish fishery available, especially 
from small-scale fisheries. 
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